The role of lymphadenectomy in the management of early endometrial cancer remains controversial. In the recent ESMO-ESGO-ESTRO guidelines, lymphadenectomy is recommended for patients with endometrioid adenocarcinoma Grade 3 with deep myometrial invasion, but complete agreement was not achieved. In Sweden, DNA aneuploidy has been included as a high-risk factor. The aim of our study was to evaluate the impact of tumor histology, FIGO grade, DNA ploidy and myometrial invasion (MI) on occurrence of lymph node metastasis (LNM) in patients with endometrial cancer. The study design is a retrospective cohort study based on prospectively recorded register data. Endometrial cancer patients registered in the Swedish Quality Registry for Gynecologic Cancer 2010-2015 with FIGO Stages I-III and verified nodal status were included. Data on DNA ploidy, histology, FIGO grade and MI were included in multivariable log-binomial regression analyses with LNM as dependent variable. 1,165 cases fulfilled the inclusion criteria. The multivariable analyses revealed increased risk of LNM in patients with tumors with MI 50% (risk ratio [RR] 5 4.1; 95% confidence interval [CI] 3.0-5.6), nonendometrioid compared to endometrioid histology (RR 1.8; CI 1.4-2.4) and FIGO Grade 3 compared to Grade 1-2 tumors (RR 1.5; CI 1.1-2.0). No statistically significant association between DNA ploidy status and LNM was detected. This population-based, nation-wide study in women with endometrial cancer confirms a strong association between MI 50%, nonendometrioid histology and FIGO Grade 3, respectively, and LNM. DNA ploidy should not be included in the preoperative decision making of removing nodes or not.
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Lymph node metastasis (LNM) in endometrial cancer (EC) is a strong prognostic factor for survival. 1, 2 However, there is no convincing evidence of the therapeutic benefit of systematic lymphadenectomy (LA) neither in presumed Stage I nor in higher stage disease. 3 Internationally, the use and the extent of LA in EC are debated and the guidelines for recommendations of surgical treatment vary between countries. The American National Comprehensive Cancer Networks guidelines recommend surgical staging with pelvic and, in patients with highrisk tumors, para-aortic LA, in the primary treatment of early stage EC. 4 In the Swedish National Guidelines for EC pelvic and para-aortic LA is recommended in preoperative high-risk tumors (endometrioid adenocarcinoma FIGO Grade 3, nonendometrioid histologic subtypes or DNA nondiploid tumors) whereas LA is not recommended in low-risk tumors. 5 Myometrial invasion has until recently not been routinely estimated preoperatively. ESMO-ESGO-ESTRO have in a consensus document from 2016 published common European guidelines on diagnosis, treatment and follow-up of EC 6 and these are in line with the new Swedish guidelines. However, in contrast to most other international guidelines Sweden has a long tradition of using DNA ploidy as a prognostic factor in the preand postoperative risk group evaluation. 7 One of the challenging tasks in EC is to find specific factors predicting metastases of the lymph nodes, hence optimizing the patient group undergoing LA and estimate the need for adjuvant treatment. As the overall prognosis in early endometrial cancer is good, it is important to avoid overtreatment, especially in elderly women who often have increased comorbidity and an increased risk of complications. 8, 9 Lymphedema is a well-known long-term complication after LA and the incidence and symtoms might increase over time.
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The material is unique as it is based on a nation-wide, unselected study population. The aim of the study was to evaluate the impact of tumor histology, grade, DNA ploidy and myometrial invasion on lymph node metastasis using data from the Swedish Quality Registry for Gynecologic Cancer (SQRGC).
Methods

Data sources
The Swedish Quality Registry for Gynecologic Cancer. All residents of Sweden are allocated a personal identification number facilitating official registries and research. Reporting to the Swedish Cancer Registry, which started 1958, is mandatory for both clinicians and pathologists. The Swedish Cancer Registry has over 95% coverage of all malignant tumors and 99% are morphologically verified. 11 The coverage of reported patients with malignancy of the uterus in the SQRGC compared to the Swedish Cancer Registry shows good to very good agreement (92-100% depending on medical region). 12 The validity of the recorded data in the SQRGC has been assessed, 268 patients were randomly selected and the agreement between the review and the registered data was between 72 and 98% for 12 core variables with the largest differences for dates. For the variables analyzed in our study the concordance was for FIGO grade 79.8% (n 5 243), Stage I A/IB 90.3% (n 5 155), DNA ploidy 90% (n 5 243) and LNM 96% (n 5 83) where n 5 number of cases analyzed (unpublished data).
The Swedish National Guidelines for Endometrial
Cancer. According to the Swedish National Guidelines for Endometrial cancer from 2011, patients with endometrial cancer with no sign of extrauterine growth is preoperatively divided into two categories-those with low and high-risk tumors.
Low risk: endometrioid adenocarcinoma, FIGO Grade 1-2 with diploid DNA profile. High risk: nonendometrioid histology (serous or clear cells carcinoma or carcinosarcoma), endometrioid adenocarcinoma FIGO Grade 3 or nondiploid tumors.
If the preoperative staging shows a high-risk tumor, a LA of the pelvic and para-aortic regions (up to the left renal vein) is recommended in addition to hysterectomy and salpingooophorectomy. If there is clinically obvious engagement of the cervix, radical hysterectomy and LA is recommended. In case of nonendometrioid histology, an omentectomy is also conducted. Women with preoperative signs of advanced disease (FIGO Stage III or IV) are treated individually and the intention of surgery, when applied, is to obtain macroscopic radicality.
What's new?
Whether lymphadenectomy is beneficial for women with endometrial cancer remains uncertain. Moreover, additional studies are needed to explore factors that reliably predict lymph node metastasis (LNM). Here, multiple factors, including tumor histology, grade of differentiation and DNA aneuploidy, were evaluated for associations with LNM risk in women with endometrial cancer and verified lymph node status. Most significantly, deep myometrial invasion in tumors increased LNM risk fourfold, whereas DNA ploidy had essentially no impact on LNM risk. The findings confirm the predictive relevance of myometrial invasion, histology and grade reported in previous single-center and multicenter studies.
Postoperative risk assessment is conducted when the histopathology report from the surgery is available. Patients are then divided into three risk groups:
Low risk: women with endometrioid tumor and no extrauterine spread and none of the risk factors: 50% myometrial invasion (MI), FIGO Grade 3, nondiploid tumor. Intermediate risk: women with one of the risk factors above. High risk: women with nonendometrioid histology or endometrioid histology with 2 or more of the risk factors described above or extrauterine spread.
The result of lymph node staging is also considered when adjuvant postoperative treatment is planned. Patients with highrisk histology and negative nodes receive chemotherapy 6 brachytherapy and those with positive nodes (or no LA) are offered chemotherapy 1 external beam radiotherapy. MI 50% was in the Swedish guidelines from 2011 considered as a postoperative risk factor referring to the uncertainty of diagnosing invasion pre-and perioperatively. Thus, MI was determined on the hysterectomy specimen and registered postoperatively. However, in the revised version from 2017, MI is considered as a preoperative risk factor. 5 
Study population
All women with diagnosed cancer of the corpus uteri registered in SQRGC between January 1, 2010, and January 27, 2016, were eligible to the study. Data regarding number of pelvic or para-aortic lymph nodes removed, presence and location of LNM, DNA ploidy status, pathology results of the hysterectomy specimen (histology, FIGO grade and degree of MI) and FIGO stage were collected from SQRGC. Data on preoperative histology are not registered in SQRGC. presents the clinical and pathological characteristics of all cases of cancer of the uterus registered in SQRGC and the selected study population. The variable "other histology" mostly consisted of sarcomas. In all, 7,150 of 8,315 had one or more of the following exclusion criteria; incomplete or missing registration (n 5 1,996), LA was not performed or there was missing information if LA was performed (n 5 4,574), LA was not performed or there was missing information about lymph node pathology (n 5 4,984), noncarcinomas (n 5 297), Stage IV or missing stage (n 5 452). We thus selected 1,165 women who had undergone pelvic 6 paraaortic LA with information about lymph node pathology, FIGO surgical Stages I-III and an endometrial carcinoma.
DNA Analyses
Data on DNA analyses are not entirely complete due to either DNA analysis is not performed or DNA analysis is not stated in the register and accordingly the percentages following do not reach 100%. The majority (79%) of DNA analyses in our study were performed as flow cytometry and 12% on image cytometry. Flow cytometric analysis of DNA ploidy is described by Baldetorp et al. 13 and Schutte et al. 14 and summarized in guidelines from the Swedish Association of Flow Cytometry. 15 In one region of Sweden (Stockholm/Gotland), image cytometry is the standard procedure (further described by Auer et al.
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). In 67% of cases, deparaffinized tumor specimen were used and in 12% fresh frozen specimen. The analyses were performed either on preoperative curettage sample (74%) or on postoperative hysterectomy specimen (18%).
Statistics
The study design is a retrospective cohort study based on prospectively recorded register data. Generalized linear model (log-binomial regression) was used to evaluate the association between histology, DNA ploidy status, FIGO grade, MI, age at diagnosis and number of pelvic nodes removed (provided ten or more nodes were removed) and the risk of LNM. Estimates of risk ratios (RRs) and 95% confidence intervals (95% CIs) were calculated. A p-level of 0.05 with a two-sided test was considered statistically significant. Nonendometrioid tumors that were not graded were assigned Grade 3 (n 5 153) in the regression analyses. Risk factors with a statistically significant association in the univariable analyses were entered into the multivariable model. An analysis of sensitivity, specificity, positive and negative predictive values for the present (including DNA ploidy status) and the proposed new risk model (including MI) was performed. The STATA Statistical Software release 13 (StataCorp, College Station, TX) was used. The study was approved by the Regional Ethics Committees in Gothenburg (D.nr. 814-15).
Results
The frequencies of positive lymph nodes in the pelvic and para-aortic regions for women with adequate LA (defined in the Swedish Guidelines as ten or more pelvic nodes and five or more para-aortic nodes removed 5 ) in relation to histologic features are presented in Table 2 . LNM were most frequently found among clear cell tumors (35%) followed by carcinosarcoma (27%). In tumors with deep MI (all histologies), the frequency of LNM was 27%. The rate of LNM did not differ between tumors with diploid versus nondiploid DNA profile (13% in both). The rate of LNM in the para-aortic region only was highest for carcinosarcoma (10%) followed by clear cell carcinoma (4.3%).
The results of the uni-and multivariable models are presented in Table 3 . Neither DNA nondiploidy, Grade 2, age at diagnosis nor number of pelvic nodes removed had any statistically significant association with an increased risk of LNM in the univariable analysis. In the multivariable analysis, MI 50% presented the strongest association with LNM (RR 5 4.1, 95% CI 5 3.0-5.6) followed in numerically order of the RRs for nonendometrioid and Grade 3 tumors. We finally performed predictive analyses presuming a new preoperative risk model based on these results. In the new model, preoperative high-risk endometrial cancer would include patients with at least one of the risk factors; nonendometrioid histology, endometrioid Grade 3 or MI 50% whereas low-risk endometrial cancer would include; endometrioid Grade 1-2 and MI < 50%. We calculated the sensitivity, specificity and predictive values for the new and the present risk models. The results showed that the new risk model had a better predictive power with a sensitivity of 91%, a specificity of 39%, a negative predictive value of 96% and a positive predictive value of 23% (Table 4) .
Discussion
The results of this large population-based, nation-wide study on endometrial cancer demonstrate that MI 50%, nonendometrioid histology and FIGO Grade 3 endometrioid carcinomas are strong independent risk factors for lymph node metastases. The study failed to demonstrate any statistically significant association between DNA ploidy status and positive lymph nodes. There was no significant difference in the risk for LNM between FIGO Grade 1 and Grade 2 endometrioid carcinomas.
The finding of a significant association between MI and LNM in our study is in concordance with previous studies [17] [18] [19] [20] [21] and emphasizes the importance of a thorough preoperative evaluation of MI. MI has earlier been considered difficult to determine correctly preoperatively with imaging techniques by clinicians and consequently MI has not until recently been included in the preoperative risk assessment in the Swedish guidelines. Recent research has shown that evaluation of MI 1 LNM 5 number of women with lymph node metastasis/total LN 5 number of women who had lymph nodes removed. 2 Ungraded nonendometrioid tumors assigned Grade 3. 3 The effect of being one year older at diagnosis. 4The effect of removing one additional gland provided ten or more pelvic glands were removed.
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with vaginal ultrasound performed by a trained gynecologist has an acceptable quality 22 and the sensitivity and specificity are comparable to that obtained with MRI. 23 In the recent European consensus document, expert ultrasound and/or MRI and/or intraoperative pathological examination should be used to assess MI in clinical Stage I endometrial cancer. 6 The reliability of intraoperative assessment of MI using either intraoperative gross evaluation or frozen section has been reported and show high sensitivity and specificity for both methods. 24 However, a preoperative assessment is to be preferred in order to give the patient adequate information, plan the surgery and if applicable, refer patients to a tertiary referral hospital.
Interestingly, we did not show any significant association between DNA ploidy and LNM. A review of articles on the prognostic value of DNA ploidy status reveals that most studies demonstrate a strong association between survival and DNA ploidy status but MI has not always been included as a covariate in these studies. 25, 26 Likewise did the studies on MI referred to above [17] [18] [19] [20] [21] not include data on DNA ploidy. In a Norwegian study 7 on 568 endometrial cancers, DNA nondiploid tumors had a slightly increased risk of LNM (OR 5 1.94, CI 1.06-3.35) in multivariable analyses including FIGO stage. In a study by Green et al. 27 including 1,140 patients with EC from the south of Sweden, DNA status did not have an independent prognostic value whereas a S-phase fraction value of >5.5% was associated with worse outcome. Their study focused on survival and did not have LNM as an outcome. S-phase fraction has not been included as a preoperative factor in the Swedish guidelines and has not been regularly analyzed or registered. Thus, we have not included it in our study. Further studies are needed to explore the mechanisms behind the association between DNA ploidy and survival. In our study, DNA ploidy was analyzed either preoperatively or on hysterectomy specimens and with different methods (see Methods). However, the concordance between DNA ploidy on curettage and hysterectomy specimens is considered to be fairly high. 28 The majority of DNA analyses were performed by flow cytometry on deparaffinized tumor samples. These methods are widely used and accepted even though image cytometry might be slightly superior. 29, 30 In the PORTEC 1 and 2 studies, presence of substantial lymphvascular space invasion (LVSI) was a strong independent prognostic factor for pelvic regional recurrence, distant metastasis and overall survival. 31 Reporting LVSI is not mandatory in SQRGC and hence not included in the present study.
If risk models are to be use in clinical practice, high negative predictive value and high sensitivity is of great importance otherwise there is a risk to misclassify patients as Stage I who actually are Stage III and in favor of adjuvant treatment. We demonstrate a higher sensitivity (91%) and negative predictive value (96%) with the new suggested criteria for high-risk tumors (Table 4) . However in both models, the specificity is low (34% versus 39%), which means that many patients will have lymphadenectomies negative for LNM. We also performed calculations on expected frequency of patients who would be recommended lymphadenectomy with the new risk model (including MI) compared to the earlier model (including DNA status). The result shows that approximately 40% of the total population of endometrial cancer patients in our study (n 5 7,840, sarcoma and unclear histology excluded) would have been recommended lymphadenectomy using the new model compared to 34% with the present model. Pre/perioperative evaluation of MI is not currently registered in the SQRGC, but will now be included. In the future, the significance of assessing MI pre/perioperatively in a nonselected population has to be evaluated further. Tumor size (>2-3 cm) is at some centers suggested as a predictive factor in risk models, 17, 32 but it is neither included in the Swedish guidelines nor in the recent guidelines from ESMO-ESGO-ESTRO. 6 In our material, the patients with endometrioid Grade 1 and 2 tumors had LNM in 7-10%, which is in line with other articles analyzing LNM in low-risk endometrial cancer patients. 33 Our findings of a low frequency of skip metastases (positive para-aortic nodes only) of 2.1% for endometrioid tumors and up to 10% for nonendometrioid tumors are in accordance with results from previously published singlecenter studies. 34 This may imply that if surgical-or patientrelated circumstances make high para-aortic dissection difficult, pelvic LA alone might be an acceptable alternative in selected patients, especially those with endometrioid tumors. The introduction of minimal-invasive surgery, especially robotassisted surgery, has developed rapidly the last ten years in Sweden as well as in other countries and has lead to enhanced recovery for women with endometrial cancer. 35 The new techniques have decreased the surgical risks even for elderly women, 36,37 which probably will increase the patient population suitable for lymphadenectomy. In the future, the introduction of sentinel node mapping might even further minimize surgical trauma for this patient group. According to the NCCN guidelines sentinel node mapping can be considered for the surgical staging of apparent uterine-confined malignancy. 4 In the Swedish National Guidelines for Endometrial cancer 5 as well as in the ESGO-ESTRO-ESMO guidelines, 6 it is yet no consensus regarding sentinel node mapping in clinical practice. The strengths of our study are in particular the size and that it is based on a complete nation-wide population. The health care system is quite uniform all over Sweden and free to all citizens living in Sweden, reimbursed by the public social security system. Consequently it is unlikely that the results of our study should be influenced by significant variations or diversity in the treatment in different regions of Sweden. There are some limitations that should be considered. The Swedish guidelines for EC regarding lymphadenectomy was introduced in 2011 but implementation was not introduced immediately in all clinical centers. Women with substantial comorbity were often not exposed to LA or lymph node sampling at all and women with preoperatively assumed low-risk tumors (DNA diploid and Grade 1 or 2) could be found to have deep MI or Grade 3 postoperatively, hence not all women with high-risk tumors had data on lymph node status.
Another aspect that should be considered is that the estimation of MI is based on postoperative hysterectomy specimen. The transferral to assessing MI preoperatively is a source of uncertainty as factors such as the skills of the examiner 22 and aspects of the tumor 38 can influence the results of a vaginal ultrasound examination. Yet, if MI 50% is diagnosed postoperatively, a staging re-operation might be performed. This is, to our knowledge, the first nation-wide populationbased study that can confirm the predictive significance of myometrial invasion, histology and grade of differentiation previously shown in single and multicenter studies in EC. 20, 21, 34, 39 
Conclusion
Deep myometrial invasion, nonendometrioid histology or FIGO Grade 3 endometrioid adenocarcinoma are strong risk factors for lymph node metastases in EC. Efforts should be done preoperatively to investigate MI in endometrioid adenocarcinomas Grade 1 and 2 in order to tailor the surgery concerning use of lymphadenectomy. DNA ploidy status does not seem to have any impact on prediction of LNM.
